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Abstract 
Relationship between loading level and some physical properties of the SnO2-F film has been investigated.  SnO2-F thin films 
were prepared by spray pyrolysis technique using modified respiratory therapist nebulizer at substrate temperature in the range of 
400-520ͼC. A stannous chloride solution was used as precursor and ammonium fluoride (NH4F) as dopant with 20% [F]/[Sn] 
ratio. The sheet resistance was found to decrease withthe increasing loading level, and sheet resistance became steady after the 
loading level was greater than0.45 mg/cm2. The transmittance was found to decrease with the increase of loading level but the 
decrease was not significant.  The transparent conductive oxide of SnO2-F thin films were obtained, with transmittance was 
greater than 82.5% and sheet resistance of 21.4 Ω/sq. This results are comparable with the reported values (81.9% and 21.8 Ω/sq) 
[1] and this film can be used for efficient support of dye-sensitized solar cells electrode. 
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1. Introduction 
One of the biggest challenges for mankind in this century is to secure a long-term energy supply for sustainable 
global development. We are increasingly dependent on fossil fuels, our current energy source. Furthermore, the 
combustion of these fuels causes environmental degradation through air pollution and global warming. Though it 
will take some decades to come close to a truly sustainable energy system, intensive research is being conducted to 
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find solutions to (1) increase efficiency in production, transmission, and utilization of the remaining fossil fuels; (2) 
reduce negative impacts to the environment; and (3) develop or improve technologies and infrastructure for the 
smooth transition to the alternative/renewable energy sources (e.g., nuclear  power, solar energy, wind power, 
geothermal energy, biomass and biofuels, and hydropower)[2].Solar cells as an alternative energy is a promising 
way as a source of CO2 emission-free energy. Since the invention of nanostructured dye-sensitized solar cell 
(DSSC), many experiments have been done to improve the performance of the solar cell [1]. Thin-film solar cells 
offer the opportunity to lower the price of solar energy by using small amount of materials and low-cost 
manufacturing technologies. There has been much recent emphasis on developing new semiconductors for flexible 
thin-film solar cells. A critical part of a thin-film solar cell however is the transparent electrode, which is commonly 
made of transparent conductive oxides (TCO), such as ITO (SnO2-In), FTO (Fluor tin oxide, SnO2-F) and ATO 
(SnO2-Sb), AZO (ZnO-Al), and GZO ( ZnO-Ga). Thin films of transparent conductive oxides are particularly 
attractive because of their high optical transparency in the visible region, good electrical conductivity and high 
infrared reflectivity [3, 4]. Due to these properties, the TCO materials have been used in a wide range of applications 
in science and technology, including solar cells, heat reflecting mirrors, antireflection coatings and a variety of 
electro-optical devices such as flat panel display devices [5].TCO thin films have been deposited by a variety of 
techniques such as; magnetron sputtering, chemical vapor deposition (CVD), reactive evaporation, and spray 
pyrolysis. Among the various deposition techniques, the spray pyrolysis is the most suitable method for preparation 
of doped tin oxide thin films because it is simple, cheap, and easily adaptable for large area deposition [6]. 
 Among the available TCOs, FTO and ITO films are promising candidates for photovoltaic and solar 
energy conversion [6]. Indium tin oxide (ITO) is a solid solution of indium(III) oxide (In2O3) and tin(IV) oxide 
(SnO2), with typically 90%wt In2O3, 10%wt SnO2[7].Indium is one of the least abundant minerals on Earth. It has 
been found uncombined in nature, but typically it is found associated with zinc minerals, iron, lead and copper ores. 
It is commercially produced as a by-product of zinc refining. Tin is found principally in the ore cassiterite (tin(IV) 
oxide). The natural scarcity of indium and the high processing cost of ITO, called for new materials, set to replace 
ITO in order to meet the challenges of low-cost manufacturing of photovoltaic devices. Compared to ITO, fluorine 
doped tin oxide (FTO) is low cost, indium free, stable at high temperatures, stable in acidic and hydrogen 
environments [8].In addition, FTO has a band gap 3.8 eV which is equivalent to 326 nm UV region with the value of 
the conduction band is very negative= -4.4eV (figure 1). It is a good substrate for solar cells because it encourages 
the flow of electrons [9]. From all of these reasons, it can be considered that the FTO is a good material for a 
sustainable future in DSSC technology, replacing indium (less abundance in nature) with fluorine. 
 
 
 
Fig. 1.  Schematic diagram of DSSC based on CdS quantum dot TiO2 film[9] 
 
In this paper, we report on the preparation and characterization of SnO2-F thin films deposited on to a glass 
substrate, with special attention on the relationship between loading level of SnO2-F and some physical properties of 
the obtained SnO2-F based transparent conductive glass. The success of this work may lead to the availability of 
cheaper photo anode for further development of a DSSC. 
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2. Experimental details 
High purity stannous chloride (SnCl2. 2H2O – Merck) was used as the source of tin. The fluorine doping was 
achieved using ammonium fluoride (NH4F – Merck). The doping concentration was 20% wt [10, 11]. An optical 
glass slides (75 X 25 X 1 mm3)was used as substrates. The substrates were cleaned using distilled water and various 
organic solvents. The fluorine-doped tin oxide thin films were prepared using a modified respiratory therapist 
nebulizer (figure 2). 10 g of SnCl2·2H2O dissolved in 5 ml of concentrated hydrochloric acid (HCl),then heated at 
90ͼC for 10 minutes. This solution was diluted by adding methanol up to 25 ml, served as starting solution. For 
fluorine doping, 2 gram ammonium fluoride was dissolved in 25 mL distilled water. This solution was added to the 
starting solution, so that the prepared spray solution was 50 ml. The spray solutions were magnetically stirred for 1 
hour. The deposition time was 40 minutes for all the deposition processes. The spray flow rate was maintained at 0.5 
ml/min. The normalized distance between the spray nozzle and the substrate is 10 cm. The spray time was 
maintained at 2 minutes and the spray interval at 10 min [12, 13].  The substrate was placed in the furnace with the 
temperature range of 400-520ͼC. The surface morphology was examined by field emission scanning electron 
microscope (FE-SEM, FEI-Inspect F50) coupled with energy dispersive spectroscopy (EDS, EDAX Apollo-X), and 
film thickness was measured by cross sectional images and was confirmed with the Swanepoel method. The 
structural characterization was carried out by X-ray diffraction, Shimadzu XRD-7000Cu KD radiation (D = 
0.154184 nm) that was operated at 40 kV and 30 mA.  The electrical studies were carried out by digital multimeter. 
The transmission of films was recorded using the Analytic Jena Specord 200, UV-Visible double beam 
spectrophotometer. 
 
 
 
Fig. 2. Modified respiratory therapist nebulizerfor spraying solution (OMRON NE C28) 
 
3. Results and Discussion 
 
There are three properties which can be used as a measure of successfully preparation of FTO. These are 
structural properties, electrical properties, and optical properties. The structural properties consist of the surface 
morphology and the thickness of the formed layer, the electrical properties indicated by the sheet resistance and the 
optical properties indicated by the % transmittance. Ideal sheet resistance of the FTO is as small as possible/near 
zero which means virtually no electrical resistance, while the ideal of transmittance of the FTO is 100%, which 
means that no light is absorbed by the surface of the thin layer. 
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3.1. Surface morphology and structural properties. 
The surface morphology of the FTO films was characterized using FE-SEM. Figure 3a and 3b shows FE-SEM 
images of FTO film prepared by spray pyrolysis. The FTO film was composed of small grains, 17-54 nm and the 
cross-sectional images showed that the thickness of the FTO film was approximately 600 nm. 
 
 
Fig. 3. (a) FE-SEM images of prepared FTO film; (b) Cross- sectional FE-SEM images of prepared FTO film 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. EDX spectrum of prepared  FTO film, insert elemental composition. 
 
From EDS spectrum in figure 4, it shows that all expected constituent elements of the FTO layer, namely C, O, 
F, Si, Sn, and Ca, can be observed clearly. Elements of O, Si and Ca are from the glass substrate while F, and Snare 
from a thin layer ofSnO2-F. It indicates that the SnO2-F film was successfully deposited on to the glass substrate. 
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Fig. 5.a). XRD spectra of prepared FTO; b). JCPDS 41-1445 of SnO2 
 
XRD spectrum of the prepared FTO (figure 5a) shows very close to its JCPDStandard41-1445 (figure 5b) of 
SnO2 (2Tat26.6, 33.9, 37.9, 51.8, 54.8, 61.9, 64.7, 65.9, 78.8), and gives confirmation of SnO2 phase on the prepared 
FTO. The crystallite size of SnO2 on the FTO then was calculated according to the Scherrer equation, stated in 
equation (1), to make the FTO having crystallite size ranging between 17 – 54 nm.  
 
 (1) 
 
3.2. Electrical properties. 
The electrical properties were investigated by digital multimeter at room temperature. Sheet resistance is a 
measure of resistance of thin films that are nominally uniform in thickness. It is commonly used to characterize 
materials made by semiconductor doping, metal deposition, resistive paste printing, and glass coating.   
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Sheet resistance is applicable to two-dimensional systems in which thin films are considered as two-dimensional 
entities. When the term sheet resistance is used, it implies that the current flow is along the plane of the sheet, not 
perpendicular to it. In a regular three-dimensional conductor, the resistance can be written as: 
 
                                                                             (2) 
 
WhereU is the resistivity, A is the cross-sectional area and L is the length. The cross-sectional area can be split 
into the width (W) and the sheet thickness (t). Upon combining the resistivity with the thickness, the resistance can 
then be written as: 
                                                                           (3) 
Where: Rs is the sheet resistance.  
The measurements of prepared FTOs are shown in Table 1, while the relation between sheet resistance and 
SnO2-F loading level is presented in figure 6.  
Table 1. Sheet resistance and % transmittance of FTO thin films with different loading level 
 
Weight of SnO2:F Area of optical glass Loading level Resistance Sheet resistance Average of %T 
(mg) (2.5X7.5 cm2) (mg/cm2) (Ohm) (Ohm/sq) (400 - 1000nm) 
3.9 18.75 0.21 324 107.9 81.5 
4.7 18.75 0.25 231 76.9 80.5 
5.7 18.75 0.30 143 47.8 78.8 
6.9 18.75 0.37 92 30.8 78.3 
7.5 18.75 0.40 73 24.4 75.9 
8.1 18.75 0.43 59 19.5 75.3 
8.7 18.75 0.46 49 16.3 74.4 
9.4 18.75 0.50 53 17.8 73.0 
 
As seen in table 1 and figure 6, there was a decrease in the sheet resistance with the increasing loading level and 
the sheet resistant became steady after the loading level was 0.45 mg/cm2.  It can be seen that sheet resistance was 
steady around 17 Ω/sq after the loading level was equal and greater than 0.45 mg/cm2. 
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Fig. 6. Sheet resistance of FTO as a function of loading level 
3.3. Optical properties 
Figure 7 shows the variation of transmittance (T) of quartz glass, bared optical glass and prepared FTO thin 
films. As expected, the quartz glass has a transmittance of 100%, which means that quartz did not absorb neither UV 
nor visible light. While, after immobilized with SnO2-F, bare optical glass and optical glass absorbed UV light and 
little bit of visible light. As prepared for FTO, approximately 75% transparency for the visible light is fair enough 
for a photo anode in a DSSC. 
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Fig..7.  % Transmittance of quartz glass, optical glass before immobilized and after immobilized with SnO2-F 
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Fig.  8. % Transmittance of FTO as a function of loading level 
 
Figure 8 shows that % transmittance was decreased with the increasing loading level of SnO2-F, down to 73% 
transmittance as the loading up to 0.5 mg/cm2. Considering the transparency and sheet resistant values, the prepared 
FTO with loading ranging from 0.2 to 0.4 mg/cm2 has transparency (>75%) and sheet resistant (<100 Ohm/sq). The 
thickness of the FTO thin layer can be calculated using the transmittance data shown in the interference pattern 
(Figure 9), according to Swanepoel [14], as follow; 
 
                                                                             (4) 
 
Where: d is the calculated film thickness.  λ1 and λ2 are the wavelengths at each peak (or valley), n1 and n2 are the 
refractive index of a thin layer on each wavelength of λ1 and λ2. 
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Fig. 9. Transmission curve of interference envelope function TM and Tm 
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Refractive index (n) of SnO2-F layer can be calculated using the following equation: 
                                                                             (5) 
                                                                        (6) 
 
Where:  ns is the refractive index of the substrate (in this case, the glass substrate refractive index=1.52). TM and 
Tm are the maximum transmittance and the minimum transmittance at a wavelength where the transmittance peak or 
valley occurs. From these calculations, the layer thickness of SnO2-F was 724nm.  This result was consistent with 
the measurements using FE-SEM as shown in figure 3, which was about 600nm. 
 Closely examining those prepared FTO film on glass substrate revealed that the prepared FTO had typically 
loading level, sheet resistance and % transmittance as shown in Table 2. Table 2 shows that the FTO film produced 
by spray pyrolysis method using modified respiratory therapist had average of sheet resistance (Rsh) 21.4 Ω/sq, and 
average of transmittance(%T) at 600 nm was 82.5% with average loading level was 0.42 mg/cm2. 
 
Table 2.Average of   loading level, sheet resistance, and % Transmittance of FTO thin films prepared using spray pyrolysis 
 
Loading Level  
(mg/cm2) 
Sheet Resistance 
(Ohm/sq) 
Average of %T 
(400 - 1000nm) 
Maximum % Transmittance 
(at 600nm) 
0.46 17.8 76.14 82.25 
0.43 20.8 76.63 83.00 
0.41 20.0 76.41 82.84 
0.42 21.1 76.49 82.73 
0.43 22.0 76.11 81.84 
0.41 21.4 75.49 81.44 
0.41 22.1 76.29 82.87 
0.39 24.9 76.44 82.72 
0.41 22.2 76.31 82.83 
Avg = 0.42 Avg = 21.4 Avg = 76.3 Avg = 82.5 
 
4. Conclusions 
Fluor-doped SnO2 thin films, deposited on to glass substrate, with the fluorine doping ratio ([F]/[Sn] ratios)20% 
were successfully prepared by spray pyrolysis method using modified respiratory therapist nebulizer. The sheet 
resistance and transmittance of the prepared SnO2-F film decreased with the increasing loading level of SnO2-F. As 
the loading level increased from 0.20 – 0.45 mg/cm2, the sheet resistance decreased, and then remained steady at the 
loading level of 0.45 mg/cm2. Prepared FTOs have average sheet resistance (Rsh), average transmittance (%T)at 600 
nm, and typical film thickness, of approximately 21.4 Ω/sq, 82.5%, and 600 nm respectively. This SnO2-F film 
characteristic is suitable to be used as Transparent Conductive Oxide (TCO) support for electrodes in a Dye-
Sensitized Solar Cell (DSSC). 
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